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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF: : 

LAURENT POTINETAL : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW U.S. PCT APPLICATION : 
(Based on PCT/FR99/02378) 

FILED: HEREWITH : 

FOR: OPTICAL DEVICE FOR : 
HELMET VIEWFINDER 
COMPRISING A DIFFRACTIVE 
MIRROR 

PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to a first examination on the merits, please amend the above-identified 
application as follows: 



Please cancel Claims 1-13 without prejudice. 
Please add new Claims 14-26 as follows: 

—14. (New) An optical device for a helmet viewfinder presenting a collimated image 
to a user, comprising: 

an imager and an off-axis spherical concave mirror; 

optical means for correcting distortion of an image presented to the user which is due 
to the off-axis spherical concave mirror, said optical means comprising a diffractive field 
mirror. 

-1- 



15. (New) The device as claimed in claim 14, wherein the diffractive field mirror is 
situated in a vicinity of an intermediate range formed by said optical device, the vicinity 
having an extent limited to a maximum distance of the image beyond which resolution of the 
image at a center of a field of the device is degraded. 

16. (New) The device as claimed in claim 15, wherein the diffractive mirror is 
placed said maximum distance from the intermediate image. 

17. (New) The device as claimed in claim 14, wherein the diffractive field mirror is 
a digital plane numerical hologram with discrete variations. 

18. (New) The device as claimed in claim 14, wherein the diffractive field mirror is 
a plane numerical hologram with a continuous profile. 

19. (New) The device as claimed in claim 17, wherein a face of a support of the 
diffractive field mirror in which the hologram is made is not planar. 

20. (New) The device as claimed in claim 14, wherein the diffractive field mirror is 
a volume hologram recorded in a photosensitive material. 

21. (New) The device as claimed in claim 20, wherein the photosensitive material is 
on a transparent support of variable optical index. 

22. (New) The device as claimed in claim 20, wherein the photosensitive material is 
on a transparent support of variable thickness. 

23. (New) The device as claimed in claim 14, further comprising a power group 
placed between the spherical mirror and diffractive mirror which focuses a first intermediate 
image in proximity to said spherical mirror onto a second intermediate image. 

24. (New) The device as claimed in claim 23, wherein the diffractive field mirror is 
situated in the vicinity of the second intermediate image. 

25. (New) The device as claimed in claim 14, frirther comprising one or more optical 



power groups or optical relay groups placed in a path of rays between the imager and the 
spherical mirror, upstream and/or downstream of the diffractive mirror, the one or more 
optical power groups comprising one or more lenses, at least one lens of which is convergent 
so as to give an aperture of the beams incident on the diffractive mirror which is smaller in 
comparison with an aperture of the beams incident on the spherical mirror. 

26. (New) The device as claimed in claim 14, wherein the spherical mirror is semi- 
transparent. ~ 

INTHR ABSTRACT 

Please add the following new abstract on a separate sheet: 
ABSTRACT OF THE DISCLOSURE 

An optical device for a system presenting coUimated images through an off-axis 
spherical concave mirror. An image can be presented to a user with correction of eccentric 
distortion caused by the off-axis spherical concave mirror without altering the quality of the 
image. A diffractive mirror is set in the neighborhood of an intermediate image, and 
preferably a second intermediate image. The extent of the neighborhood is limited by image 
resolution and, in the neighborhood, the correction by the diffractive mirror does not alter the 
resolution. The diffractive mirror may include a hologram which may be digital or made of a 
photosensitive material. A hologram subsfrate is preferably not planar to operate partly upon 
the correction, the residual correction being carried out by the hologram. Such a device may 
find application to an aircraft pilot's visor. 



REMARKS 

Favorable consideration of this application, as presently amended, is respectfully 
requested. 

The present Preliminary Amendment is submitted to place the above-identified 
application in more proper format under United States practice. By the present Preliminary 
Amendment original Claims 1-13 are canceled and new Claims 14-26 are presented for 
examination. New Claims 14-26 are beUeved to be self-evident from original Claims 1-13. 
A new abstract is also submitted herein. 

The present application is believed to be condition for a full and thorough 
examination on the merits. An early and favorable consideration of the present application is 
hereby respectfully requested. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 




Gregory J. Maier 
Registration No. 25,599 
Attorney of Record 
Surinder Sachar 
Registration No. 34,423 
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Claims 1-13 are canceled. 
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OPTICAL DEVICE FOR HELMET VIEWFINDER 
COMPRISING A DIFFRACTIVE MIRROR 

The present invention relates to an optical 
5 device for the correction of aberrations affecting an 
image. In particular, a device according to the 
invention makes it possible to correct the distortion 
due to a spherical concave mirror that is inclined with 
respect to the direction at which this mirror is 
10 observed. 

The invention can be applied to a helmet 
viewfinder for the pilot of a fighter aircraft or 
helicopter or for the operator of a training simulator. 

A helmet viewfinder is an image-presenting 
15 device that is integrated into a helmet. The viewfinder 
enables the wearer of the helmet, for example a pilot 
of an aircraft in flight, to observe visual information 
simultaneously with the view of the landscape or of the 
pilot's cabin, which he perceives most usually through 
,r 20 a protective visor. The presentation of appropriate 
information, for example in the form of symbols, 
g provides piloting and navigation assistance. Thus, for 

armed vehicles, the presentation of a reticule provides 
assistance in the aiming of a weapon. The information 
25 may also consist of an image of the landscape acquired 
by sensors other than the eye of the helmet wearer such 
as infrared image sensors or light intensifiers to 
complement or replace direct viewing. 

Inside the helmet, an image generator comprises 
30 an imager whose screen, for example a cathode-ray tube 
screen or a liquid crystal screen, enables an image to 
be displayed. 

The image is most usually conveyed by a 
relaying optic up to a combiner which presents the 
35 conveyed image in a state where it is superimposed on 
the view of the landscape. 

In order that the pilot may simultaneously 
observe the landscape viewed directly at infinity and 
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the image from the imager, the latter image is also 
focused at infinity by a collimation optic. 

When the combiner is formed by a simple 
semi-reflective plane plate, the collimation of the 
5 image can be achieved by an optic placed between the 
imager and the combiner; a prior art embodiment such as 
this has the major drawback of requiring a collimation 
optic that requires far too much space in relation to 
the restricted field of view that is obtained. 

10 To reduce the space requirement, a combiner 

with optical power has been proposed; a combiner such 
as this provides its user with both the collimation of 
the image and the superimposition of the collimated 
image with the view of the landscape. 

15 The prior art has a very extensive variety of 

devices comprising a combiner with optical power. Of 
more particular interest are image-presenting systems 
that comprise a spherical concave mirror to collimate 
the image. 

20 A concave spherical mirror achieves an average 

quality collimation of an image placed at a particular 
point in space located on the axis of the mirror and at 
a distance from this mirror equal to half its radius of 
curvature. By placing an imager at this point, the eye 

25 located on the axis of the mirror receives rays coming 
from the imager after they are reflected on the 
spherical mirror. These rays are parallel and lead to 
the perception, by the eye, of a collimated image. If, 
furthermore, the mirror is semi-reflective, it enables 

30 the same eye to observe the landscape by transparency. 
However, in a device such as this, the imager would 
have to lie on the axis of the semi-transparent 
spherical mirror and it would conceal the user's field 
of view. 

35 To clear the user' s view, the spherical mirror 

is inclined with respect to the normal to his/her face 
and the user' s eye is no longer on the axis of the 
mirror. This arrangement has the drawback of resulting 
in a collimated image that is affected by optical 
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aberrations, especially of f -centering aberrations, 
which need to be corrected, at least partially. 

The inclination of the spherical concave mirror 
afflicts the collimated image with distortion, known as 
5 of f -centering distortion of the second kind, 
characterized by a convergence of the verticals and an 
apparent curvature of the horizontals. 

The prior art teaches us in order to correct 
the distortion of the image provided by the optical 

10 assembly to introduce an inverse distortion at the 
imager level by electronic correction; this is easily 
achieved when the imager comprises a cathode -ray tube 
but this solution is not suited to an imager, such as 
for example a light intensifier, which does not exhibit 

15 the necessary adjustments of the image. One could also 
attempt to correct the distortion by inserting into the 
optical path between the imager and the spherical 
mirror another inclined spherical mirror introducing 
distortion inverse to the first; however, one would end 

2 0 up with an unusable optical system owing to its 

bulkiness . 

In a patent filed under No. 97 098 93 on August 
1st, 1997 by the present Applicant, an aspherical 
mirror with an adapted shape enables a correction of 
25 the of f -centering distortion of the second kind. 

The particular surface of the proposed 
aspherical mirror enables a modification of the light 
rays in order to rectify the effects of the spherical 
concave mirror on the horizontals and verticals of the 

3 0 image observed and thus ensure a correction of the 

distortion. This correction is achieved by the 
introduction through the aspherical mirror of an off- 
centering distortion of the second kind to compensate 
for the distortion of the same type due to the 
35 spherical concave collimating mirror used off -axis. The 
aspherical mirror has the effect of making the 
verticals parallel and the horizontals rectilinear in 
the collimated image. The image " is reccified and 
orthoscopic but the overall shape of the mirror causes 



a local amplification of the aberrations, and 
especially of astigmatism. The correction of the 
distortion enabled by this invention is limited by a 
deterioration of the resolution of the image. 

The problem is to construct a device for the 
presentation of images comprising an off-axis spherical 
collimating mirror presenting a collimated image that 
is satisfactory for the user, namely an image that is 
devoid of troublesome aberrations and has a wide field 
of view greater than or equal to 40 degrees. This 
entails obtaining a collimated image that has both high 
resolution and high correction of the distortion. 

The spherical collimating mirror being observed 
at an oblique angle with respect to its axis, it 
introduces an off-centering distortion of the second 
kind characterized by an absence of symmetry of 
revolution. This distortion is especially dangerous for 
a user piloting a vehicle, since the perception of 
perspective is degraded. The difficulty consists in 
finding a means of correcting the distortion which does 
not degrade the quality of the image and is such that 
the entire optical device has restricted mass and 
restricted bulk. 

This is why the invention proposes an optical 
device for a helmet viewfinder presenting a collimated 
image to a user, comprising an imager and an off-axis 
spherical concave mirror, characterized in that it 
comprises optical means for correcting the distortion 
of the image presented to the user which is due to the 
off-axis spherical concave mirror, said means 
comprising a diffractive field mirror. 

The diffractive mirror comprises a reflection 
hologram. According to the invention, the correction of 
the distortion is effected when the diffractive mirror 
is placed in a vicinity of an intermediate image of the 
optical device: this is a diffractive field mirror. Its 
diffractive effect in proximity to the intermediate 
image makes it possible to displace the points of the 
image nonuni f ormly . 
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In the vicinity, the correction carried out by 
the diffractivG mirror does not degrade the resolution 
of the image. The extent of the vicinity is limited by 
the resolution, which is imposed by the remainder of 
5 the device. The diffractive mirror is preferably 
situated at the limit of the vicinity fixed by the 
resolution. While being within the vicinity of the 
intermediate image, the diffractive mirror is placed a 
maximum distance from the intermediate image beyond 
10 which it degrades the resolution of the image presented 
to the user. 

The diffractive mirror can be, for example, 
situated in the vicinity of the first intermediate 
image, that is to say that which is closest to the eye 

15 of the user of the device. However, it is preferably 
placed in the vicinity of the second intermediate 
image; this preferred arrangement allows the 
construction of a lighter and less bulky device in 
which the hologram is better protected. 

20 The hologram in the invention is, for example, 

digital numerical with discrete variations, plane 
numerical with continuous profile, it may also be 
recorded in a photosensitive material. 

The substrate in which the hologram is 

25 fashioned may be plane, but it is preferably not plane; 
the curvatures of the surface taking on board some of 
the correction, the hologram affording a residual 
correction. 

The transparent substrate of the volume 
30 hologram in a photosensitive layer preferably exhibits 
a variable optical index or a variable thickness. 

The device also comprises one or more optical 
power groups or optical relay groups placed in the path 
of the rays between the imager and the spherical 
35 mirror, upstream and/or downstream of the diffractive 
field mirror. 

These optical groups also afford precorrect ion 
of the astigmatism necessarily introduced into the 
collimated image owing to the fact that the spherical 
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mirror is observed at an inclined angle with respect to 
the ray which defines the optical axis of this mirror. 
This astigmatism can be corrected for example by a 
spherical convergent lens and a cylindrical lens, in an 
5 optical relay group situated between the imager and the 
diffractive mirror. It can also be corrected by a 
diffractive lens placed in a power group between the 
diffractive mirror and the spherical mirror. 

The invention makes it possible to preserve an 

10 image of good resolution whilst affording a thorough 
correction of the distortion due to the spherical and 
inclined collimating mirror. The invention has the 
advantage of correcting the distortion of the image 
presented to the eye of the user for a wide instrument 

15 pupil, for example at least 15 millimeters in diameter, 
and for a wide field of typically greater than 40 
degrees. The instrument pupil is the zone in space in 
which the user of an instrument must place the pupil of 
his eye in order to use it. 

20 This correction is especially beneficial when a 

distortion cannot possibly or cannot easily be imposed 
at the level of the imager. Indeed, in such a case an 
electronic correction of the prior art is not suitable. 

The first pupillary image of the device is 

25 inclined with respect to the optical axis, the 
diffractive mirror according to the invention gives a 
second, upright, pupillary image standing on the 
optical axis. 

The invention can be incorporated into a helmet 

3 0 viewfinder exhibiting a wide instrument pupil and a 
wide field. 

Other characteristics and advantages of the 
invention will become apparent on reading the following 
detailed description of particular embodiments which 
35 are given with reference to the following appended 
drawings : 

- figure 1 diagrammatical ly and partially 
represents an optical device with optical off-axis 
spherical combiner mirror. 
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- figure 2 represents the distortion corrected 
by the invention, 

- figure 3 represents a preferred embodiment of 
a device according to the invention, 

5 - figure 4 represents another embodiment of a 

device according to the invention. 

In the drawings, the optical diagrams are 
represented developed in a plane referred to as the 
plane of symmetry of the optic. This plane contains the 

10 normal to the entrance pupil of the user's eye and the 
center of the sphere supporting the spherical mirror. 
In reality, mirrors (not represented) which introduce 
no aberration make it possible to direct beams in the 
three dimensions, so as to satisfy various bulkiness 

15 constraints : for example in order that the device 
should be matched to the contour of the user's head. 

In figure 1, a user of an optical device 
comprising a spherical mirror 1 is represented by the 
plane of the pupils 2 and the straight line 5 normal to 

20 this plane 2. The pupil 11 of the eye is generally 
located, optically, three millimeters behind the cornea 
12 of the eye 3 . 

It is noted that, depending on its orientation 
with respect to the user's face, the straight line 5 

25 may correspond to the user's view straight ahead or 
else to an upward or downward view, a view toward one 
side or the opposite side. 

The spherical mirror 1 is placed in front of 
the user. Its concavity is turned toward the user. The 

3 0 intersection of the observation axis 5 and the mirror 1 
is designated by the reference 6. 

The spherical mirror 1 is supported by a sphere 
S whose center 4 does not belong to this straight line 
5. The plane P of figure 1 is a plane of the space that 

35 contains the center 4 of the supporting sphere of the 
spherical mirror 1 and the straight line 5 passing 
through the center of the pupil 11 of the eye 3. It is 
the plane of incidence of the straight line 5 on the 
spherical mirror 1, and it is called the plane of 
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symmetry of the optic. Most usually, this plane is the 
same as the plane passing through the center of the 
pupil 11 and is parallel to the theoretical plane of 
symmetry of the user's face. 
5 The straight line 5 and the radius 7 of the 

sphere S passing through the point of intersection 6 
deviate from each other by an angle 9. A non-zero value 
of this angle 0 characterizes an off-axis use of the 
spherical mirror 1. The spherical mirror 1 itself is 

10 said to be "off-axis". 

Consider an optical ray 8 which is symmetrical 
with the straight line 5 of the optical axis with 
respect to the radius 7 of the sphere S . As a first 
approximation, an image whose center 9 is placed at a 

15 distance equal to half of the radius of curvature of 
the sphere S on this optical ray is perceived by the 
user's eye 3 as collimated to the first order since the 
light rays coming from the image thus placed are 
reflected by the spherical mirror 1 toward the eye 3 in 

20 the form of a beam of substantially parallel rays. The 
image with center 9 may have field curvature. 

However, the collimation by reflection on the 
spherical mirror is not perfect. It is affected not 
only by aberrations intrinsic to this mirror but also 

25 by an of f -centering optical aberration due to the 
off -axis use of the spherical mirror 1. 

The spherical mirror 1 may be semi-transparent. 
In this case, light rays 10 coming from the environment 
external to the spherical mirror 1, namely striking the 

3 0 convex face of this mirror, are transmitted to the eye 
3 by the spherical mirror 1. This spherical mirror 1 
then affords a combiner which superimposes a collimated 
image on the direct view of the environment . This 
arrangement is generally adopted in a helmet 

3 5 viewfinder. 

The central field is defined as the beam of the 
light rays coming from the center 9 of the image to be 
collimated. A particular light ray is considered which 
belongs to the central field and passes through the 



center of the user's pupil. The path of this light ray 
is the optical axis of the device used. The optical 
axis is generally a jagged line. The straight line 5 
supports part of the optical axis. Most usually, the 
5 image is presented straight ahead of the user. The 
straight line 5 is then substantially normal to the 
user's face but the image may be for example presented 
at the top of the user's resting field of vision at 
infinity and the straight line 5 is then oriented in 

10 the corresponding direction. 

Figure 2 represents the image perceived by the 
eye of the user of an optical device according to 
figure 1 in which device an image centered on the point 
9 and comprising a square with a regular square grid is 

15 collimated. The deformation perceived is an off- 
centering distortion of the second kind: the vertical 
lines which ought to be parallel straight lines are 
convergent and the horizontal lines which ought to be 
parallel straight lines are curved. This particular 

2 0 distortion is due to the inclination of the spherical 

collimating mirror with respect to the observation 

axis; it exhibits an absence of symmetry of revolution. 

When a pilot uses an optical device according to figure 

1 to steer his vehicle, he is greatly disturbed by the 
25 deformation between the image presented and the actual 

landscape. Heights are overestimated and speeds are 

underestimated . 

Various optical elements will be described . 

according to the invention so that the user's eye can 
30 be made to perceive a high-quality collimated image, 

from a light image provided by an imager and collimated 

by an off -axis spherical mirror. 

In figure 3, paths of light rays within a 

preffered embodiment of a device according to the 

3 5 invention are shown. 

In this embodiment, intended for a helmet 
viewfinder, the imager, which is not shown, comprises a 
screen, tor example the screen of a cathode-ray tube or 
- a liquid crystal screen. The screen may also be formed. 
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for example, by a section of a bundle of optical fibers 
or a slide or the screen of a light intensifier tube. 
An image having any surface is displayed on the screen 
20 of the imager represented by its tangent plane. The 
5 image provided by the imager may be plane, spherical or 
even have some other shape. The paths of the light rays 
from the screen 2 0 of the imager up to the user's eye 3 
are plotted for this embodiment of the invention. 

The device comprises a spherical mirror 1 

10 placed in front of the eye 3 of the user and a 
dif tractive field mirror 21 placed between the screen 
20 and the spherical mirror 1. A diffractive mirror is 
a diffractive optic which works in reflection. The 
device also comprises a power group 2 2 between the 

15 diffractive field mirror 21 and the spherical mirror 1, 
as well as a relay optic 29 between the screen 20 and 
the diffractive field mirror 21. 

The light rays emanating from the screen 20 of 
the imager are received, after having passed through 

20 the relay optic 29, by the diffractive mirror 21; they 
are reflected and deviated by the latter then pass 
through the power group 22 before striking the off-axis 
spherical mirror 1 which affords collimation of the 
image finally perceived by the eye 3 of the user. 

2 5 The light rays emanating from the center of the 

screen 2 0 of the imager form the central field of the 
imager. The optical axis of the device corresponds to 
the path of the ray of the central field which passes 
through the center of the pupil of the user's eye 3. 

3 0 It is now possible to observe the path of the 

light rays in the other direction, namely starting from 
the user's eye 3 and backtracking through the various 
optical elements toward the screen 2 0 of the display 
unit . 

3 5 The rays coming from the eye are reflected on 

the off-axis spherical mirror 1 then form a first 
intermediate image 25. The image perceived by the eye 
is conjugated with the first intermediate image 25 by 
the spherical mirror 1. The optical axis which, in the 
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example of figure 3, is horizontal on a first part 31 
between the center of the pupil of the eye 3 and the 
spherical mirror 1 is also reflected on the spherical 
mirror 1 . 

5 This part 31 of the optical axis and its 

reflection on the spherical mirror 1 define a plane 
known as the plane of incidence of the optical axis on 
the off -axis spherical mirror 1. In the example of 
figure 3 , the plane of incidence is the same as the 

10 plane of symmetry of the optic which is represented by 
the plane of figure 3 . The plane of symmetry of the 
optic is a plane containing the path described by the 
optical axis between the imager and the user's pupil. 
However, an embodiment of the invention is not limited 

15 to an optic in this plane; in the context of the 
invention, it is always possible to add additional 
plane mirrors making it possible, for example, to take 
optical elements outside the plane of the figure. 
Indeed, the plane mirrors, which are also called 

2 0 folding mirrors, do not modify the optical function, 
they do not introduce and do not correct any aberration 
but they enable the optical rays to circumvent 
obstacles such as the user's head. 

The rays reflected by the spherical mirror 1 

2 5 strike, in this exemplary embodiment, a plane mirror 2 3 
that enables the folding of the optical rays while 
preserving the plane of incidence of the optical axis 
on the spherical mirror 1. The invention may be 
embodied without this plane mirror 23 . After reflection 

30 on the plane mirror 23, the optical axis is oriented 
along a straight line 32 of the plane of incidence. 

On this second part 32 of the optical axis may 
be observed a first pupillary image 24 that is the 
image of the pupil of the eye 3 given by the off-axis 

35 spherical mirror 1. 

The normal to the plane tangential to this 
first pupillary image 24 is not parallel to the 
corresponding section 32 of the optical axis. The first 
pupillary image 24 is inclined on the optical axis. 



- 12 - 

This inclination is an effect of the distortion to be 
corrected . 

The power group 22 is placed for example so 
that the first pupillary image 24 is in the path of the 
5 light rays between the spherical mirror 1 and the power 
group 22 . The power group is preferably centered on the 
second part 32 of the optical axis. It comprises at 
least a convergent lens. Also, in the embodiment 
illustrated by figure 3, the power group comprises a 

10 divergent lens placed between a first and a second 
convergent lens; these successive lens each exhibiting 
restricted optical power limit the aberrations 
introduced by the power group 22 itself. The group 22 
restricts the aperture of the beam incident on the 

15 diffractive mirror 21. This aperture is very small in 
comparison with the aperture with the beams incident on 
the spherical mirror 1 . 

The power group focuses the first intermediate 
image 25 on a second intermediate image 27. It affects 

2 0 the image and it enables the optical device according 
to the invention to exhibit high image quality. This 
power group is an optical element close to the first 
pupillary image 24; it hardly affects the latter. 

The diffractive mirror 21 is placed in the 

25 vicinity of the second part 32 of the optical axis, the 
first pupillary image 24 is on one side of the power 
group 22 and the diffractive mirror 21 is on the other 
side. The diffractive mirror 21 reflects rays coming 
from the pupil of the eye toward the screen 2 0 of the 

30 imager. The plane of figure 3 is also the plane of 
incidence of the optical axis on the diffractive mirror 
21. 

The diffractive mirror 21 is close to the 
second intermediate image 2 7 which the device forms 
35 from the image displayed on the screen 20. At each of 
the points of its surface, the mirror 21 imposes a 
particular deviation on each light beam which it 
xeceives. Thus, by tracing back through the actual path 
of the light rays, a point of the image 27 is formed by 
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rays which are reflected by the mirror 21 and also 
deviated by the dif tractive capability of this mirror. 

The local phase difference applied by the 
mirror 21 to the luminous wavefront is recorded in a 
5 hologram and the spacing of the interference fringes is 
proportional to the derivative of the phase function. 
The more tightly bunched are the fringes, the bigger is 
the deviation imposed on a light ray. 

If the mirror is far from the image, which in 

10 this example is the second intermediate image 27, it 
imposes a global deformation of the image which does 
not correct the troublesome distortion. When the mirror 
21 is in the vicinity of the image, the deviations 
displace the points of the image independently of one 

15 another. The proximity of the intermediate image makes 
it possible to separate the points of the field, the 
displacements of the points are not uniform and they 
allow a correction of the distortional deformation of 
the image. If the mirror 21 is very near the image 27, 

2 0 the distortion can only be corrected by large 
deviations; the phase function affording the correction 
then exhibits big fluctuations, it is difficult to 
control and to achieve. In the extreme, when the mirror 
21 is exactly on the image, the deviation imposed by 

25 the mirror at each point of the image is zero. 

In the invention, the hologram placed in the 
vicinity of the intermediate image 2 7 deviates a light 
ray of the image without modifying the local focusing: 
it shifts the position of a point in the image without 

30 modifying the quality of the image. The diffractive 
mirror 21 according to the invention affects the 
distortion of the image without affecting its 
resolution. The diffractive mirror 21 makes it possible 
to correct the distortion of the image introduced by 

35 the off-axis spherical collimating mirror 1 used. 

In the invention, the mirror is preferably at a 
distance which corresponds for the center of the field 
to the limit of resolution of the image, the vicinity 
of the image is limited by this resolution-dependent 
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distance. At the edge of the field, a lower resolution 
is tolerated. 

The phase function of the hologram is 
calculated by projection on a reference base, 
5 preferably a polynomial base or a Zernike-type base. 
Such a projection affords a slowly variable phase 
function. The calculated coefficients are then recorded 
on a substrate. 

The hologram is for example a reflecting 

10 digital hologram: the phase function is digitized and 
registered in a substrate in the form of a thickness 
variation of the substrate. The variation can be 
discrete as for example in a numerical plane digital 
hologram with discrete variations which can be obtained 

15 by etching the substrate through binary masks. The 
variation can be achieved in an analog manner, such as 
for example in a plane digital hologram with continuous 
profile, which is in particular made with variable- 
transmission masks. 

2 0 The hologram is recorded on a substrate, for 

example glass; this may be a plate having plane and 
parallel faces but the surface is preferably not plane, 
this having the advantage of lessening the variations 
in incidence on the substrate and/or of achieving part 
25 of the optical function of the mirror 21. 

The reflecting hologram can also be a volume 
hologram recorded in the photosensitive surface of a 
transparent support with the aid of a recording bench . 
with the aid of two waves arriving on either side of a 

3 0 surface made in a photosensitive material such as for 

example a dichromated gelatine. 

The transparent support of the sensitive 
surface may be a glass plate with plane and parallel 
faces. However, it can also exhibit a variable 
3 5 thickness, or exhibit a variable optical index 
dependent on the position on the surface of the 
substrate . 

Thus, in the example of figure 3, the substrate 
is a spherical plate and the hologram carries out the 
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residual correction which cannot be afforded by the 
spherical plate alone. In variant embodiments, the 
hologram according to the invention is supported for 
example by an aspherical surface or a Mangin mirror. 
5 In the embodiment illustrated by figure 3, the 

position of the diffractive mirror 21 in the vicinity 
of the second intermediate image 27 enables the mirror 
to be placed fairly far from the user's eye. In 
particular, in a helmet viewfinder, the hologram is 

10 placed inside the helmet in a location protected from 
attack from, for example, moisture or contact with the 
pilot ' s fingers . 

In figure 3, the third part 33 of the optical 
axis corresponds to the reflection of the second part 

15 32 of this same optical axis on the diffractive mirror 
21, and one observes thereat, between the diffractive 
mirror 21 and the screen of the imager 20, a second 
pupillary image 3 0 which exhibits a tangent plane 
substantially normal to the local optical axis 33. The 

20 diffractive mirror 21 transforms a pupillary image 24 
inclined on the optical axis into a pupillary image 30 
perpendicular to the optical axis. The diffractive 
mirror 21 enables the device according to the invention 
to exhibit good pupil quality without affecting the 

2 5 quality of the image. 

The useful part of the diffractive mirror 21 
exhibits a tangent plane whose normal 28, belonging to 
the plane of incidence, is not parallel to the second 
part 32 of the optical axis. The diffractive mirror 21 

30 is inclined with respect to the optical axis, it is 
said to be off -axis. The aperture about the axis 28 is 
sufficient to optimize the extension left available for 
placing for example deviating mirrors between the 
diffractive mirror 21 and the closest lens in the power 

35 group 22. Additionally, the angle of incidence of the 
optical axis on the mirror 21 also makes it possible to 
limit the useful surface area and thus to preserve good 
image quality over the entire surface. The angle of 
incidence is preferably around 45 degrees. In this 
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embodiment, the useful surface area of the mirror 21 is 
for example estimated via a diameter of around 
45 millimeters. 

The optical device according to the invention 
5 illustrated by figure 3 comprises a relay optic 29, 
placed between the diffractive mirror 21 and the screen. 
20 of the imager, for distancing the screen 2 0 of the 
imager from the diffractive mirror 21. This distancing 
is generally made necessary in order to satisfy 

10 bulkiness constraints. For a helmet viewfinder, it 
makes it possible for example to place the entire 
imager, which may be a cathode -ray tube, at a 
satisfactory position in the available volume of the 
helmet. The beams of the light rays between the relay 

15 optic 29 and the diffractive mirror 21 exhibit a very 
small aperture. These beams are downstream of the 
diffractive mirror 21 when considering the inverted 
beam paths, that is to say from the eye to the imager. 
The aperture is very small in comparison with that of 

2 0 the beams on the spherical mirror 1. 

The relay optic 29 is substantially aligned 
with the third part 33 of the optical axis. This 
essentially centered relay optic is simple to produce. 

The relay optic 29 also has optical power 

2 5 functions for precorrecting in proximity to the imager 

the astigmatism which will be introduced by the off- 
axis observation of the spherical mirror 1. In a 
variant embodiment, this correction of the astigmatism 
is not carried out at the level of the relay optic 29 
30 but in the power group 22, which then comprises for 
example a diffractive lens and a convergent lens. 

In the embodiment of figure 3, the relay optic 
29 also comprises a mixer cube 26, or a semi-reflecting 
plate, which allows the mixing of the pathway of the 

3 5 screen 20 with a pathway of another display unit not 

represented in figure 3. The cube 26 makes it possible 
for example to superimpose visual information from a 
cathode-ray tube with that emanating from an assembly 
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(not represented) comprising a picture- taking objective 
and an image intensifier. 

Moreover, the enlargement between the two 
pupillary images 3 0 and 24 is preferably by a value 
5 close to one. The almost unitary pupillary conjugation 
has the advantage of reducing the bulkiness of the 
optical device, it allows minimization of the size of 
the optics along the entire optical path. This 
reduction in bulkiness is advantageous for the weight 

10 of the device and for its cost. 

In the embodiment of figure 4, the optical 
device comprises, between an inclined spherical 
collimating mirror 1 and the screen 2 0 of the imager, a 
diffractive mirror 41 placed in proximity to the first 

15 intermediate image 25. The substrate of the hologram is 
for example a plane glass plate with parallel faces. 
Between the diffractive mirror 41 and the screen 20, 
the optical assembly 42 affords conjugation of the 
intermediate image 25 on the screen 20, it comprises 

20 several lenses, two of which are spherical lenses 43, 
44. The assembly 42 can also comprise a mixer cube 45 
associated with another light source. 

However, for comparable optical performance, 
this embodiment of the invention requires a heavier and 

25 more expensive optical assembly than the preferred 
embodiment illustrated by figure 3 . 

The off -axis spherical mirror 1 may be 
semi-transparent. In this case, the light rays emitted 
by the landscape or the environment in the field of 

3 0 view of the user are transmitted by this mirror and are 
received by the pupil of the eye simultaneously with 
the rays that are reflected by this same mirror and 
have been described hereinabove. The semi-transparent 
mirror is a combiner. It is therefore a spherical 

35 combiner used off -axis. 

The combiner preferably forms part of a visor 
for the protection of the eyes and even the face of the 
user . 
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A visor according to the invention has at least 
one off -axis spherical reflecting part. In the position 
of use, the visor is lowered so that the part 
corresponding to the spherical mirror 1 is placed in 
5 front of the user's eye. The entire device for 
presenting collimated images may be integrated into a 
helmet for example, for an aircraft or helicopter 
pilot, and enables the making of a helmet viewfinder. 

The viewfinder may be monocular if it presents 

10 the collimated image to one eye only. The viewfinder 
may be binocular if it presents an image for each eye. 
It has the advantage of providing for pleasant vision 
when the overlapping of the fields of view of the two 
images is total. A binocular viewfinder may also 

15 present a partial overlapping of the two fields of 
view. This makes it possible, for one and the same 
dimensioning of the optics, to obtain a wider field of 
view without causing excessive deterioration in the 
perception of the information presented. 

2 0 The distortion of an image having a grid leads 

to the deformation of the grid. The images presented to 
the user, in which the distortion inherent to the 
off-axis spherical conca.-ve visor is corrected, are 
particularly advantageous for a helmet viewfinder for 

25 they conform to the actual dimensions of the objects 
represented. This is paramount when the viewfinder 
presents an image superimposed on the direct view and 
is even more so when the image presented replaces the 
direct view for the user, for example in the case of 

30 night vision assisted by an image intensifier, of 
infrared vision or of a training simulator. The 
correction of this distortion has the advantage of 
allowing the user a good assessment of the distances on 
the image which he is observing and of allowing him for 

35 example to pilot at night without any positioning 
error . 



-19- 

CLAIMS 



1. Optical device for helmet viewfinder 
presenting a collimated image to a user, comprising an 

5 imager (20) and an off-axis spherical concave mirror 
(1), characterized in that it comprises optical means 
for correcting the distortion of the image presented to 
the user which is due to the off-axis spherical concave 
mirror (1), said means comprising a diffractive field 
10 mirror (21) . 

2. The device as claimed in claim 1, 
characterized in that the diffractive field mirror (21) 
is situated in the vicinity of an intermediate image 
(25, 27) formed by said optical device, vicinity whose 

15 extent is limited to the maximum distance of this image 
beyond which the resolution of the image at the center 
of the field of the device is degraded. 

3. The device as claimed in claim 2, 
characterized in that the diffractive mirror (21) is 

20 placed said maximum distance from the intermediate 
image (25, 27) . 

4. The device as claimed in one of the 
preceding claims, characterized in that the diffractive 
field mirror (21) is a digital plane numerical hologram 

25 with discrete variations. 

5. The device as claimed in one of claims 1 to 
3, characterized in that the diffractive field mirror 
(21) is a plane numerical hologram with continuous 
profile . 

30 6. The device as claimed in either of claims 4 

and 5, characterized in that the face of the support of 
the diffractive field mirror (21) in which the hologram 
is made is not plane. 

7. The device as claimed in one of claims 1 to 

35 3, characterized in that the diffractive field mirror 
(21) is a volume hologram recorded in a photosensitive 
material . 
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8. The device as claimed in claim 7, 
characterized in that the photosensitive material is on 
a transparent support of variable optical index. 

9. The device as claimed in claim 7, 
5 characterized in that the photosensitive material is on 

a transparent support of variable thickness. 

10. The device as claimed in one of the 
preceding claims, characterized in that it comprises a 
power group (22) placed between the spherical mirror 

10 (1) and diffractive mirror (21) which focuses a first 
intermediate image (25) in proximity to said spherical 
mirror (1) onto a second intermediate image (27), 

11. The device as claimed in claim 10, 
characterized in that the diffractive field mirror (21) 

15 is situated in the vicinity of the second intermediate 
image (27)'. ' 

12. The device as claimed in one of the 
preceding claims, characterized in that it comprises 
one or more optical power groups (22) or optical relay 

20 groups (29) placed in the path of the rays between the 
imager and the spherical mirror, upstream and/or 
downstream of the diffractive mirror (21), this or 
these groups comprising one or more lenses at least one 
of which is convergent so as to give an aperture of the 

25 beams incident on the diffractive mirror which is very 
small in comparison with the aperture of the beams 
incident on the spherical mirror. 

13. The device as claimed in one of the 
preceding claims, characterized in that the spherical 

30 mirror (1) is semi-transparent. 
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ABSTRACT 

OPTICAL DEVICE FOR HELMET VIEWFINDER 
COMPRISING A DIFFRACTIVE MIRROR 

The invention relates to an optical device for 
a system for presenting images collimated by an off- 
axis spherical concave mirror (1) . 

The invention makes it possible to present to 
the user (3) an image corrected of the of f- centering 
distortion due to the off -axis spherical concave mirror 
(1) without degrading the image quality. 

To do this, the device according to the 
invention comprises a diffractive mirror (21) placed in 
the vicinity of an intermediate image (25, 27) of the 
device, preferably the second intermediate image (27) . 

The extent of the vicinity is limited by the 
resolution of the image and, in the vicinity, the 
correction by the diffractive mirror (21) does not 
degrade the resolution. 

The diffractive mirror presents a hologram 
which may be numerical or made in a photosensitive 
material . 

The substrate of the hologram is preferably not 
plane so as to take on board some of the correction, 
the residual correction being performed by the 
hologram. 



The invention applies in particular to helmet 
viewf inders for aircraft pilots . 
FIGURE 3 . 
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Declaration et Pouvoirs pour Demande de Brevet 

French Language Declaration 



En tant I'mventeur 
present acte que: 



As a below named inventor, I hereby declare that: 



Mon domicile, men adresse postale et ma nationalite sont 
ceux figurant ci-dessous a cote de mon nom. 



My residence, post office address and citizenship are £ 
stated next to my name. 



Je crois etre le premier inventeur original et unique (si un 
seul nom est mentionne ci-dessous), ou I'un des premiers 
co-inventeurs originaux (si plusieurs noms sont mentionnes 
ci-dessous) de I'objet revendique, pour lequel une 
demands de brevet a ete deposee concernant I'invention 
intitulee 



I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor 
(if plural names are listed below) of the subject matter 
which IS claimed and for which a patent is sought on the 
invention entitled 



OPTICAL DEVICE FOR HELNET VIEUFINDER 
COMPRISING A DIFFRACTIVE MIRROR 



et dont la description est fournie ci-joint a moins 

□ ci-joini 

□ a ete c 



sous le numero de demande des Etats-Unis ou le 
numero de demande international PCT 



_ et modifiee ie 
_ (le cas echeant). 



the specification of which- 

□ is attached hereto 

was filed on October 5, 199 9 

as United States Application Number or PCT 
International Application Number 

PCT/FR99/02378 and was amended on 

(if applicable). 



Je declare par le present acte avoir passe en revue et 
compris le contenu de la description ci-dessus, 
revendications comprises, telles que modifiees par toute 
modification dont 11 aura ete fait reference ci-dessus. 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 



Je reconnais devoir divulguer toute information pertinente a 
la brevetabilite, comme defini dans le Titre 37, § 1.56 du 
Code federal des reglementations. 



I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1.56. 
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French Language Declaration 



Je revendique par le present acte avoir la priorite etrangere, en 
vertu du litre 35, § 119(a)-(d) ou § 365(b) du Code des Etats- 
Unis, sur toute demande etrangere de brevet ou certificat 
d'inventeur ou, en vertu du Tttre 35, § 365(a) du meme Code, sur 
toute demande Internationale PCT designant au moins un pays 
autre que les Etats-Unis et figurant ci-dessous et, en cochant la 
case, j'ai aussi indique ci-dessous toute demande etrangere de 
brevet, tout certificat d'inventeur ou toute demande Internationale 
PCT ayant une date de depot precedant celle de la demande a 
propos de laquelle une prionte est revendiquee. 



I hereby claim foreign priority under Title 35, United States Code, 
§ 119(a)-(d) or § 365(b) of any foreign application(s) for patent or 
inventor's certificate, or § 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below, and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed 



Prior Foreign Application(s) 

Demande(s) de brevet anterieure(s) dans un autre pays. 



Priority claimed 
Droit de priorite 



n P T H R F R 199R 



0; 



Je revendique par le present acte tout benefice, en vertu du Titre 
35, § 119(e) du Code des Etats-Unis, de toute demande de 
brevet provisoire effectuee aux Etats-Unis et figurant ci-dessous 



I hereby claim the benefit under Title 35, United States Code, 
§ 119(e) of any United States provisional application(s) listed 
below. 



(Application No.) (Filing Date) 

(N- de demande) (Date de depot) 



Je revendique par le present acte tout benefice, en vertu du Titre 
35, § 120 du Code des Etats-Unis, de toute demande de brevet 
effectuee aux Etats-Unis, ou en vertu du Titre 35, § 365(c) du 
meme Code, de toute demande internationale PCT designant les 
Etats-Unis et figurant ci-dessous et, dans la mesure ou I'objet de 
chacune des revendications de cette demande de brevet n'est 
pas divuigue dans la demande anterieure americaine ou 
internationale PCT, en vertu des dispositions du premier para- 
graphe du Titre 35, § 112 du Code des Etats-Unis, je reconnais 
devoir divulguer toute information pertinente a la brevetabilite, 
comme defini dans le Titre 37, § 1 56 du Code federal des 
reglementations, dont j'ai pu disposer entre la date de depot de 
la demande anterieure et la date de depot de la demande 
nationale ou Internationale PCT de la presente demande 



(Application No.) (Filing Date) 

(MS de demande) (Date de depot) 



I hereby claim the benefit under Title 35, United States Code, 
§ 120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application m the manner provided by the first 
paragraph of Title 35, United States Code, § 1 12, I acknowledge 
the duty to disclose information which is material to patentability 
as defined in Title 37, Code of Federal Regulations, § 1.56 which 
became available between the filing date of the prior application 
and the national or PCT International filing date of this 
application 



PCT/FR99/02378 



5 OCTOBER 1999 



Je declare par le present acte que toute declaration ci-incluse 
est, a ma connaissance, veridique et que toute declaration 
formulee a partir de renseignements ou de suppositions est 
tenue pour vertdique, et de plus, que toutes ces declarations ont 
ete formulees en sachant que toute fausse declaration volontaire 
ou son equivalent est passible d'une amende ou d' une 
incarceration, ou des deux, en vertu de la Section 1001 du Titre 
18 du Code des Etats-Unis, et que de telles declarations 
volontairement fausses risquent de compromettre la validite de la 
demande de brevet ou du brevet delivre a partir de celle-ci. 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon 
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POUVOIRS: En tant que I'inventeur cite, je designe par la 
_ presente l'(les) avocat(s) et/ou agent(s) suivant(s) pour qu'ils 
poursuive(nt) la procedure de cette demande de brevet et 
traite(nt) toute affaire s'y rapportant avec I'Office des brevets 
et des marquees (mentionner le nom et le numero 
d'enregistrement) 



POWER OF ATTORNEY. As a named inventor, I hereby 
appoint ttie follov\/ing attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith, (list name and 
registration number) 



Norman F. Obion, Reg. No.a4.618LMarvin J. Spivak, Reg. No. 24,913; C. Irvin McClelland, Reg. No. 21124^Gregor/ J. Maler, Reg. No 25 599- 
Arthur I. Neustadt, Reg. No.J4^ Richard D. Kelly, Reg. No^2L752; James D. Hamilton, Reg. No. 28,421; Eckhard H. Kuesters, ^i^l^ 
.2837Pj_RobertT. Rous, Reg. No. 29,099^. Charles L. Gholz, Reg. No. 26,395i. Vincent J. Sunderdick7R^i~No. 29,004; William E. Beaumont' 
Reg. No..,3(i996;_ Robert F. Gnuse, Reg. No. 2^205: Jean-Paul Lavalleye, Reg. No. 31,451 Stephen G. Baxten Re"^ No. 32^84; Martin m' 
Zortick, Reg. No..35^45; Robert W. Hahl, Reg. No. 33,89a^Richard L. Treanor, Reg. No. 36^ Steven P. Weihrouch, RegTNo. 32ja29j John 
T. Goo^kasian, Reg. No. 26^ Richard L. Chinn, Reg. No.^4^A Steven E. Lipman, Reg. No. 30,011; Carl E Schlier, Reg. No. 34,426; James 
J. Kulbaski, Reg. No. 3fL6±a; Richard A. Neifeld, Reg. No. 35,299; J. Derek Mason, Reg. nZ. 35:270; Surinder Sachar, Re^l^^34 423- 
Christina M. Gadiano, Reg. No. 33628j_Jeffrey B. Mcintyre, Reg. No. 36,867j_and Paul E. RluchTReg. No. 38,591 with full powerT^f 
substitution and revocation. ~ 



Addresser toute correspondance a 



Adresser tout appel telephonique 
(nom et numero de teleplione) 



Send Correspondence to: 
Oblon, Spivak, McClelland, MAffiR & Neustadt P C 
~ rou RTt-tiTOog: — 

1 755 JEFFERSONDiWiShllGHWAY 
' ARLINGTON, VIRGINIA 222d2LrsX"- 



Direct Telephone calls to: (name and telephone number) 
(703)413-3000 



Nom complete de Tunique ou premier inventeur ; 


Full name of sole or first inventor 

_ Laurent POTIN March 20. 2001 


Signature de I'inventeur Date 


Inventor's signature i Date 


Domicile 


^^33O0i!_BORDEAUX„ FRANCE 


Nationalite 


Citizenship 

FRENCH j-p y- 


Adresse Postale 


Post Office Address 

71 , rue Huguerie 




33000 BORDEAUX FRANCE 


Nom complete du second co-inventeur, le cas echeant 


Full name of second joint inventor, if any 
Xaurent BIGNOLLES March 20, 2001 


Signature de I'inventeur Date 


Second inventor's signature ff) Date 


Domicile 


Residence i) 
33000 BORDEAUX FRANCE 


Nationalite 


Citizenship 

French ^r??; 


Adresse Postale 


Post Office Address 
8 , rue Boudet 




33000 BORDEAUX FRANCE 



(Fournier les memes renseignements et la signature de tc 
co-inventeur supplementaire ) 



(Supply similar information and signature for third and subsequent 
joint inventors.) 



3/99 



